Abstract. The coverage is important for the wireless networking cost. Wide coverage means less base station and less cost. In this paper, we first describe the structure of power wireless network. Then we compared the LTE 230 MHz and 1.8 GHz. These two cellular networks cannot fulfill deep coverage requirement, so we use LoRa to solve this problem. Finally, we do some measurements with LoRa in some real environments. The measured results shows the LoRa can fulfill the deep coverage requirement.
Introduction
Wireless communication technology is becoming a hot spot of research of the smart grid access due to its characteristics such as flexible deployment, low cost and so on [1] . As the evolution of OFDM technology, LTE is widely used because of the high rate and coverage. The LTE is also applied to the construction of distribution automation and data collection of meter [2] [3] . As shown in Figure 1 , the wireless power grid communication system establishes a secure and reliable two-way communication link between the terminal device and the background host station for the bidirectional transmission of data, voice and video to realize the functions including automated power distribution, automated power metering, power load and emergency management.
In general, the increase in coverage can reduce the number of base stations, thereby saving the construction cost of the wireless communication system. For the wireless power wireless network, it is very convenient when the base station coverage is large enough. That is, the base stations can be sited at the already well-established power substations as shown in Figure 1 for further cost saving.
Analysis of coverage
The minimum sample SNR for successful decoding is usually about -4 DB. From the link budget 69.55 26.16 log 13.82 log 1.1 log 0.7 1.56 log 0.8 44.9 6.55 log log
f is the operating frequency (MHz), 30m 
We can obtain the coverage ranges in different environment which is shown in Table 1 . From the table we can see that, the coverage of LTE 230 MHz is larger than LTE 1.8 GHz. But in the urban scenario, the density of terminal is larger, the bandwidth of 230 MHz is small and can't support such massive terminals. So LTE 1.8 GHz is a better choice for the urban and LTE 230 MHz is suit for rural. However, both of the two cellular networks can not fulfill the deep coverage requirement. So we need the help of other system. 
LoRa System
In 2013 August, Semtech released a new chip based on the long range low power data transmission technology (Long Range, or LoRa) in sub-GHz band, whose receiver sensitivity can achieve -148 dBm. There is a 20-dB improvement in receiver sensitivity in contrast to other leading sub-GHz chips, which ensures the network connecting reliability. LoRa works on unlicensed (free) spectrum (operates on the 433-, 868-, or 915-MHz ISM bands).
The advantage of LoRa includes the following three aspects.
The maximum coupling loss of LoRa is 157dB, supporting a cell radius of 15km although depending on the practical region in which it is deployed. On the other hand, the current drawn of its receiver is only 10mA and the current in idle state is 200nA, thus the power consumption is particularly low, which increases the device's battery life.
The gateway/concentrator based on the LoRa technology can process traffic with multi-channel multiple data rate in parallel, such a large system capacity can be supported. It is known that the gateway is a bridge between end nodes and IP network server (typically 4G or Ethernet). If there are 10 bytes of traffic to be transmitted and the network occupancy rate is 10%, each LoRa gateway can handle 5 million interactions between the different nodes per day. When the LoRa gateway is installed in the location of the existing base station in wireless communications and the transmit power is 100mW (i.e., 20dB), a cell radius of 2km and 10km in the urban and suburbs, respectively, can be supported.
The system based on the access devices and the gateway/concentrator can be used for range measurement and localization. The range measurement is based on the air transmission time of the signal rather than the traditional Received Signal Strength Indication (RSSI) which
The localization is based on the measurement of the air transmission time lag between the multi-points (e.g., gateway) and a certain node. The accuracy of the positioning is up to 5m in a 10-km cell size.
All these key features of LoRa technology discussed in the above are best suited for IoT markets, which have the requirements on low-power, wide-coverage, massive connection and localization, such as smart grid, environment metering and vehicle tracking.
Measured Results
The measurement of LoRa system is operated with two 433 LoRa modules, a temperature sensor and a computer. The temperature sensor is communicated with one 433 LoRa module by 485 serial port while the other 433 LoRa is connected with computer with 485 serial port to USB protocol. The computer sends request message to the temperature sensor with Modbus protocol. If the computer can get the temperature value, it means the two LoRa modules can communicate. Otherwise, the communication between these two LoRa modules is not established. This test is just for the coverage and the penetration of LoRa, the delay and sensitivity are not included.
As shown in Figure 2 and A tester takes the computer and the other LoRa and sends the request message to require the temperature information at different places. We first test the coverage inside the NaRi building on the 5th floor. The communication between the two LoRa modules is successful expect inside of the Low Voltage Room. Then we move to the higher floor, the results are nearly the same. The computer can't get the temperature information in some corners, such as toilet, Low Voltage Room and some closed room on the other side of the building (opposite side of LoRa module location). We get the same results on the 19th floor. But in the basement, the data can only penetrate one floor which may be caused by the thick wall.
At last, we test the LoRa coverage in an open area. The measured results show that the coverage of LoRa in an open area is about 800 meters. In these testing procedures, the LoRa module with temperature sensor is fixed and without mobility. The power of LoRa is 100 mW. The measured results show that the penetrability of LoRa is good. However, there are still some places can be covered by only one LoRa modules. Fortunately, we can solve this problem by adding some LoRA relay in the basement with many walls as shown in Figure 4 . 
Summary
In this paper, we describe the structure of power wireless network firstly and analyze the pros and cons of LTE 230 MHz and LTE 1.8 GHz. The 1.8 GHz is a better choice for the urban scenario because the dense terminals are dense and need wideband. Other the hand, LTE 230 MHz is suit for rural due to low terminal density and its large coverage. However, these two cellular networks cannot support deep coverage. Therefore, we need LoRa that play as the relay to fulfill the deep coverage requirement and the measured results verified our idea.
